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SPECIFICATION 

1 . Title of the invention 

A method for the production of epichlorohydrin 

2 . Scope of the Patent Claims 

5 A method for the production of epichlorohydrin, 

characterized in that, when producing epichlorohydrin 
by means of a dehydrochlorination reaction using an 
alkali aqueous solution or alkali liquid suspension 
which contains from 1 to 1.2 mol equivalent of alkali 

10 per mol equivalent of 2 , 3-dichloro-l~propanol and/or 
1, 3-dichloro-2-propanol, from 0.05 to 0.4 mol 
equivalent of the alkali is pre-mixed with the 
abovementioned dichloropropanol at from 10 to 40°C and 
partial dehydrochlorination is carried out and then the 

15 material is supplied continuously to a reaction- 
distillation column, together with from 1.15 to 0.7 mol 
equivalent of the alkali, and a dehydrochlorination 
reaction of the remaining part is carried out and the 
epichlorohydrin which is produced is stripped with 

2 0 steam and discharged from the column top. 

3 . Detailed Description of the Invention 

Industrial Field of Application 
The invention concerns a method with which 
epichlorohydrin is produced by the dehydrochlorination 
25 of 2, 3-dichloro-l~propanol and/or 1 , 3-dichloro-2- 
propanol using an alkali. 

Prior Art 

Epichlorohydrin is used in large quantities as a 
raw material for epoxy resins and synthetic rubbers, as 

30 a stabilizer for chlorinated rubbers and as an 
intermediate or starting material for glycidyl ethers, 
glycidyl esters, glycerine and derivatives thereof and 
amine adducts and the like. 

Conventionally, epichlorohydrin is produced 

35 industrially by mixing a liquid suspension of an alkali 
such as a calcium hydroxide with an aqueous solution of 
a low concentration of some 3 to 5 wt% of a mixture of 
2 , 3-dichloro-l-propanol and 1 , 3-dichloro-2-propanol 
which has been obtained by reacting chlorine water with 



- 3 - 

allyl chloride and supplying the mixture to a plate 
type reaction-distillation column and carrying out 
dehydrochlorination and stripping with steam to 
discharge the epichlorohydrin which has been produced 
5 from the top of the column. The dichloropropanol which 
is obtained with this method is maintained in the range 
where it has adequate solubility in the liquid phase in 
the column in order to obtain an aqueous solution of 
low concentration as indicated above and no fall in the 
10 reaction rate is observed. On the other hand, a large 
quantity of steam is required for stripping off the 
product . 

A method in which a high concentration of 
dichloropropanol such that it accounts for from 10 to 

15 50 wt% of the total weight of the liquid being supplied 
to the reaction-distillation column has been proposed 
for achieving an improvement in terms of the amount of 
steam which is used (Japanese Unexamined Patent 
Application Laid Open 60-258172) . However, when such a 

20 high concentration of dichloropropanol is used it has 
been confirmed that the apparent reaction rate is 
reduced when compared with that in the case where a 
dilute solution as aforementioned is used. That is to 
say, it has become possible recently to have a 

25 dichloropropanol concentration in the liquid which is 
being supplied excluding the alkali in the high region 
of from 50 to 80 wt% but the solubility of 
dichloropropanol in water is less than 20% in an 
aqueous solution at 60 °C and less than 30% at 80°C and 

30 it is further reduced by the salting-out effect due to 
the salt which is produced during the reaction. 
Furthermore, the partition ratio of dichloropropanol in 
epichlorohydrin which is the product and water is about 
10 : 1. Hence, a lowering of the dichloropropanol 

35 concentration in the aqueous alkali and a lowering of 
the apparent dehydrochlorination rate can be 
anticipated . 

As the reaction rate falls so the dichloropropanol 
content of the distillate from the column top 
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increases. If the residence time in the column is 
prolonged then the conversion of the dichloropropanol 
is increased but the epichlorohydrin selectivity is 
reduced because of losses due to successive reactions. 
5 The dichloropropanol which has distilled off can be 
distilled and isolated and recycled but if a large 
amount is to be recycled then the amount of material 
being treated in the distillation column is increased 
and the plant cost and the energy cost are both 
10 increased and there is a further problem in that the 
amount of material lost is also increased and this is 
undesirable . 

A method in which some of the alkali is supplied 
above the position at which the dichloropropanol is 

15 being supplied has been proposed as a means of 
resolving these problems (Japanese Unexamined Patent 
Application Laid Open 63-17874) . In this method the 
chance of contact with the alkali again in the process 
where the epichlorohydrin which had been produced is 

20 being stripped with steam is increased and so stripping 
while avoiding the ring-opening reaction of the 
epichlorohydrin is accompanied by major problems in 
terms of both the design of the column and the stable 
operating conditions . 

25 The present applicant has already proposed a 

method in which, when supplying dichloropropanol and 
aqueous alkali solution or an alkali liquid suspension 
to a plate type reaction-distillation column and 
producing epichlorohydrin, the part which is rich in 

30 dichloropropanol of the distillate at the column top is 
condensed using a partial condenser and, by refluxing 
this to the distillation column, even if the 
concentration of dichloropropanol in the liquid which 
is being supplied is high, it is possible to obtain 

35 epichlorohydrin in high yield with a high 
dichloropropanol conversion (Japanese Patent 

Application Hl-281419) . However, the fall in the 
apparent reaction rate which is caused by the raised 
concentration of dichloropropanol is not avoided and 
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compensation by operational control of just the partial 
condenser is certainly not simple. 

Problems to be Resolved by the Invention 
The purpose of the present invention is to provide 
5 a method with which, when supplying a high 
concentration of dichloropropanol together with an 
alkali aqueous solution or an alkali liquid suspension 
to a reaction-distillation column, the conversion of 
the dichloropropanol and the epichlorohydr in 

10 selectivity are both high. 

Means of Resolving These Problems and Action 
The inventors have discovered a method in which, 
when supplying dichloropropanol comprising 2,3-dichlo- 
1-propanol and/or 1, 3-dichloro-2-propanol to the 

15 reaction-distillation column, the concentration of 
dichloropropanol in the mixture is reduced by means of 
a preliminary treatment at low temperature with an 
amount of alkali fraction which does not reach the mol 
equivalent of said dichloropropanol, and the fall in 

20 the apparent reaction rate which arises in cases where 
a high concentration dichloropropanol solution is used 
is corrected and epichlorohydrin can be obtained in 
high yield with a high dichloropropanol conversion, and 
the invention is based upon this discovery. 

25 That is to say, the present invention is a method 

for the production of epichlorohydrin which is 
characterized in that, when producing epichlorohydrin 
by means of a dehydrochlorination reaction using an 
alkali aqueous solution or an alkali liquid suspension 

30 which contains from 1 to 1.2 mol equivalent of alkali 
per mol equivalent of 2 , 3-dichloro-l-propanol and/or 
1, 3-dichloro-2-propanol, from 0.05 to 0.4 mol 
equivalent of alkali is pre-mixed with the 
abovementioned dichloropropanol at from 10 to 40°C and 

35 partial dehydrochlorination is carried out and then the 
material is supplied continuously to a reaction- 
distillation column, together with from 1.15 to 0.7 mol 
equivalent of alkali, and a dehydrochlorination 
reaction of the remaining part is carried out and the 
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epichlorohydrin which is produced is stripped with 
steam and discharged from the column top. 

The dichloropropanol which is used in this 
invention may be, as indicated above, 2 , 3-dichloro-l- 
5 propanol, 1, 3-dichloro-2-propanol or a mixture of 
these . 

The alkaline compounds which can be used for the 
dehydrochlorination reaction are hydroxides, oxides or 
weak-acid salts of the alkali metals or alkaline earth 

10 metals and, for example, sodium hydroxide, calcium 
hydroxide, potassium hydroxide, sodium carbonate, 
potassium carbonate, calcium oxide, barium oxide or the 
like can be used in the form of an aqueous solution or 
liquid suspension. The amount used is from 1.0 to 1.2 

15 times the theoretical amount required for the 
dehydrochlorination reaction of the dichloropropanol. 
The concentration of the alkali aqueous solution or 
liquid suspension which is used is suitably from 3 to 
15 wt% in view of the ease of handling and the 

20 solubility of the dichloropropanol. 

Before being supplied to the reaction-distillation 
column, the dicyclopropanol is subjected to a 
preliminary reaction in which it is treated at from 10 
to 40°C with an alkali aqueous solution or alkali 

25 liquid suspension which contains from 0.05 to 0.3 mol 
equivalent of alkali from among the prescribed amount 
of alkali per 1 mol equivalent of dicyclopropanol and 
partially dehydrochlorinated . 

The crude dichloropropanol product introduced from 

30 the earlier process can be dehydrochlorinated as it is 
without refinement by means of the method of this 
invention. The crude product often contains hydrogen 
chloride and so alkali is required for neutralization 
purposes. In this case the sum total of the 

35 abovementioned alkali fraction and the alkali fraction 
required for neutralization should be supplied at the 
time of the preliminary reaction. Even in those cases 
where such dichloropropanol which contains hydrogen 
chloride is used, the hydrogen chloride concentration 
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in the raw material feed port of the reaction- 
distillation column can be set to essentially zero if a 
preliminary reaction is carried out in accordance with 
the present invention and this has the effect of 
5 avoiding the neutralizing effect and destabilization of 
the dehydrochlorination reaction in the column and 
preventing corrosion of the column as a result of the 
presence of acid. 

The dichloropropanol which had been subjected to 

10 the preliminary reaction is supplied to the reaction- 
distillation column at the prescribed flow rate. The 
alkali fraction remaining after some has been used in 
the preliminary reaction is mixed with the 
abovementioned dichloropropanol immediately before 

15 entering the feed port to the column and the mixture 
can be introduced through a single feed port, but in 
order to control more rigorously the conversion of the 
dichloropropanol in the preliminary reaction, fix the 
composition of the mixture and stabilize the reaction 

20 in the reaction-distillation golumn more rapidly and 
maintain a steady state, the supply from separate feed 
ports established at the same level in column is 
preferred. Alternatively, the alkali fraction may be 
supplied as a mixture with the liquid condensate of the 

25 partial condenser. When the epichlorohydrin which has 
been produced in the preliminary reaction is supplied 
to the column it is readily transferred into the vapour 
phase and the concentration of dichloropropanol in the 
liquid phase is low when compared with that when the 

30 preliminary reaction has not been carried out and so 
the apparent fall in the reaction rate which is caused 
by the solution concentration is suppressed. Moreover, 
by pre-raising the conversion of dichloropropanol by 
means of a preliminary reaction the residence time in 

35 the column can be shortened and the number of plates of 
the column can be reduced. The alkali concentration in 
the column can also be reduced and the formation of by- 
products is reduced and so the epichlorohydrin 
selectivity can also be raised. Furthermore, in the 
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case of industrial production the height of the column 
can be reduced and so there is a reducing effect on the 
plant cost including the mounting structure and other 
supplementary facilities. The mol equivalent ratio of 
5 dichloropropanol and alkali fraction and the 
temperature are important at the time of the 
preliminary reaction for obtaining effects such as 
these. In those cases where the alkali fraction is 
less than 0.05 mol equivalent per mol equivalent of 

10 dichloropropanol hardly any improving effect is 
obtained, and this is the same as the reaction where 
the material is supplied directly to the column without 
carrying out a preliminary reaction. Furthermore, in 
those cases where the alkali fraction is greater than 

15 0.3 mol equivalent the dichloropropanol conversion is 
increased and the amount of by-product formation is 
also increased and so the epichlorohydrin selectivity 
is reduced and the loss of epichlorohydrin can no 
longer be neglected, and the effect of the preliminary 

20 reaction is not obtained and the reaction is of no 
significance. In those cases where the temperature of 
the preliminary reaction exceeds 40°C the loss due to 
hydrolysis of the epichlorohydrin which has been 
produced and the loss due to the addition reaction with 

25 the salt which has been produced are promoted and the 
epichlorohydrin selectivity after the whole of the 
reaction has been completed is inevitably reduced. In 
those cases where the temperature of the preliminary 
reaction is less than 10 °C the reaction rate falls and 

30 the solubility of the dichloropropanol in the aqueous 
alkali is reduced and the preliminary reaction is 
unlikely to be completed within a practical period of 
time and, depending on the particular case, problems 
such as the composition of the feed into the column 

35 becoming unstable may arise, and this is undesirable. 

A stirred-tank type reactor or tube-like reactor 
can be used as the apparatus for the preliminary 
reaction which is used in the invention. In the case 
of a tube-like reactor a part of the reactor may be in 
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the form of a loop so that the reaction mixture can be 
circulated and the mixing efficiency can be raised by 
circulating the liquid with a pump. A static mixer can 
be introduced into the circulating path and the mixing 
5 efficiency can be heightened even more. Furthermore, 
the preliminary reaction may be carried out in a 
continuous system or in a batch system. 

The reaction-distillation column which is used in 
the method of the present invention may be a packed 

10 column, a perforated plate column, a down comer fitted 
perforated plate column or such like column, but a 
perforated plate column with downcomer is especially 
desirable. For example, a column which has a feed port 
for the refluxed liquid at the uppermost stage of the 

15 column, a feed port for the raw material 
dichloropropanol and alkali fraction at a stage from 
four to six stages below the uppermost stage and a 
steam blow-in nozzle below the lowermost stage can be 
used . 

20 When a dichloropropanol conversion and an 

epichlorohydrin selectivity of 90% or more are to be 
obtained the number of theoretical plates required is 
generally from thirteen to seventeen in those cases 
where the preliminary reaction of this invention has 

25 not been carried out, but ten or eleven theoretical 
plates is sufficient with the method of this present 
invention . 

Illustrative Examples 
The method for the production of epichlorohydrin 
30 of this invention is described in more practical terms 
below by means of illustrative examples. Moreover, the 
composition % values in the examples are all in units 
by weight, and the conversion and selectivity are as 
follows : 
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Conversion = 

No. of Mol of Dichloropropanol 
in the Liquid Distillate 

5 (1 — ) X 100 

No. of Mol of Dichloropropanol 
Supplied 

10 Selectivity = 

No. of Mol of 
( Epichlorohydrin ) X 100 
Distilled Out 

15 _— x 100 

No. of Mol of 
(Dichloropropanol) x Conversion 
Supplied 

20 The reaction-distillation column was produced in 

such a way that it was easily taken apart and assembled 
for experimental purposes. The column itself comprised 
single units comprising steel cylinders of internal 
diameter 100 mm with flanges fitted to both ends with 

25 two downcomer-f itted perforated plates (open fraction 
13%) of depth 15 mm per unit and the number of these 
units was increased or decreased in accordance with the 
number of plates required, and after assembly the 
distance between the plates was 150 mm. The feed port 

30 for the raw material and alkali fraction was 
established on the fifth plate and the steam blow-in 
nozzle was established below the lowermost plate. The 
discharge port at the column top was connected to a 
tubular type total condenser of heat-transfer area 

35 0 . 3 m 2 via a tubular type partial condenser of heat- 
transfer area 0.3 m 2 . The liquid condensate of the 
partial condenser was piped in such a way that it 
entered at the same stage as the raw material feed port 
and the liquid condensate of the total condenser was 

40 piped in such a way that it entered a liquid separating 
tank. The upper layer (aqueous layer) of liquid 
separating tank was piped in such a way that it was 
refluxed to the uppermost plate of the column and the 
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lower layer (oil layer) was piped into the distillate 
liquid receiver. Liquid was removed from the column 
bottom in such a way that the liquid surface level was 
held constant by means of a liquid-surface controller. 
5 The total condenser outlet port and the upper part of 
the liquid separating tank were connected to a vacuum 
pump so that the operating pressure of the column could 
be varied. 
Example 1 

10 Preliminary Reaction : 

5.9 kg of water and a liquid suspension (18.3 kg) 
containing 5% calcium hydroxide were each pre-heated to 
about 40°C and then introduced into a stirred tank of 
capacity 50 1 which was made of steel and jacketed and 

15 the liquid mixture was subjected to a 25 minute 
preliminary reaction at 40 °C and then cooled 
immediately and stored at a temperature not exceeding 
10°C. The preliminary reaction rate was 23%. 
Reaction-distillation : 

20 The liquid after the preliminary reaction was 

taken out from the bottom discharge port of the 
abovementioned stirred tank, with stirring, at a rate 
of 2.54 kg/hr and, together with 4.86 kg/hr of an 
alkali liquid suspension of the same concentration as 

25 above, supplied to the abovementioned reaction- 
distillation column. The reaction-distillation column 
had twenty four plates, steam was blown in from the 
steam blow-in nozzle at a rate of 1.7 kg/hr, and the 
column was operated for 8 hours at a column top 

30 pressure of 500 mmHg, a column top temperature of 86°C, 
a column bottom temperature of 99°C and a partial 
condenser temperature of 82 °C and the system was 
stabilized. The partial condensation rate was about 
40% with respect to the column top distillate. After 

35 the column had stabilized, the oil layer which had 
separated from the liquid condensate of the total 
condenser was sampled and analysed using gas 
chromatography and the 2 , 3-dichloro-l-propanol 

conversion was 98.0%, the epichlorohydrin selectivity 
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was 98.5% and the 2 , 3-dichloro-l-propanol content of 
the oil layer was 3.9%. 
Example 2 

Preliminary Reaction : 
5 A 60 minute preliminary reaction was carried out 

in the same way as in Example 1 using 17.6 kg of a 
mixture of 58.5% 2 , 3-dichloro-l-propanol , 4.4% 1,3- 
dichloro-2-propanol, 26.9% water and 10.2% hydrogen 
chloride and 31.0 kg of a liquid suspension which 
10 contained 10% calcium hydroxide. The preliminary 

reaction rate was 40%. 

Reaction-distillation : 

In the same way as in Example 1, 4.8 6 kg/hr of the 

15 liquid which had been subjected to the preliminary 
reaction and 2.54 kg/hr of alkali liquid suspension of 
the same concentration as above were supplied to the 
same reaction-distillation column as used in Example 1 
and the column was run for 8 hours while blowing in 

20 1-7 kg/hr of steam from the steam blow-in nozzle at a 
column top pressure of 500 mmHg, a column top 
temperature of 85°C, a column bottom temperature of 
99°C and a partial condenser temperature of 80°C, and 
the system was stabilized. The partial condensation 

25 rate was 50% with respect to the column top distillate. 
After the column had stabilized, the product was 
analysed in the same way as in Example 1 and the 
conversion of 2 , 3-dichloro-l-propanol and 1 , 3-dichloro- 
2-propanol combined was 99.2%, the epichlorohydrin 

30 selectivity was 98.3%, and the contents of 2,3- 
dichloro-l-propanol and 1 , 3-dichloro-2-propanol in the 
oil layer were 1.1% and 0.1% respectively. 
Comparative Example 

Without carrying out the preliminary reaction in 

35 Example 1, the 2 , 3-dichloro-l-propanol , water and 
liquid calcium hydroxide suspension were supplied 
directly to the abovementioned reaction-distillation 
column and a dehydrochlorination reaction was carried 
out in the same way as in Example 1. The 2 , 3-dichloro- 
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1-propanol conversion was 96.1%, the epichlorohydrin 
selectivity was 97.5% and the 2 , 3-dichloro-l-propanol 
content of the oil layer was 4.3%. 

It is clear from the examples and comparative 
5 example described above that the dichloropropanol 
conversion and the epichlorohydrin selectivity in 
particular are improved by carrying out the preliminary 
reaction . 

Effect of the Invention 

10 By supplying the mixture to the reaction- 

distillation column after carrying out a preliminary 
reaction of the dichloropropanol with a small amount of 
the alkali at low temperature in accordance with the 
method of this invention it is possible to suppress the 

15 unwanted side reactions to the lowest limit. In this 
way, the alkali fraction which should be supplied to 
the column can be reduced and the alkali concentration 
in the column as a whole can be reduced, and hydrolysis 
of the epichlorohydrin can be reduced. These factors 

20 all raise the dichloropropanol conversion and at the 
same time have the effect of raising the epichloro- 
hydrin selectivity. When a high concentration of 
dichloropropanol is used the apparent reaction rate of 
2, 3-dichloro-l-propanol in particular is markedly 

25 reduced and so the method of this invention is 
effective as a method of compensating for this 
reduction. Furthermore, in those cases where a mixture 
of 2, 3-dichloro-l-propanol and 1, 3-dichloro-2~propanol 
is used the reaction rate of the latter is greater and 

30 so the latter is consumed first by carrying out the 
preliminary reaction and when the mixture is supplied 
to the column the content of the former raw material is 
relatively increased and so the optimum or near-optimum 
operating conditions for the former raw material can be 

35 selected in the column and control of the reaction is 
facilitated. Moreover, the number of plates in the 
column can be reduced and progress of the reaction and 
by-product formation can be reduced when compared with 
that in the case where the whole of the reaction takes 
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place in the column and the organic content of the 
still bottom liquid is also reduced, for example, and 
so the method is useful industrially. 

5 Applicant: Daiso K.K. 

Agent: Patent Attorney Toru KADOTA 
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THE RESULTS O F EXAMINATION 

□ Rejected Claims: Claims 1-4, 18, 22, 27, and 32 

□ Rejected Items other than claims: none 

□ Allowable Claims: Claims 5-17, 19-21, 23-26, 28-31, 33, and 34 

rRemarkl Please note that another preliminary rejection may be issued after ^dergomg 
Examination, if new rejection grounds are found in the ^^^ZXtZ "* 
specification. In addition, the present application cannot be allowed until the rejection 
grounds set forth below are overcome. 

thf EXAMINER'S GROUNDS FO R REJECTION 

1 The present application cannot be allowed under Article 29(l)(ii) of the Patent 
Act because the inventions of Claims 1-4 lack novelty, as set forth below: 

The subject matter in Claims 1-4 is described as the gist thereof. However, Japanese 
Patent Laid-Open Publication No. (Hei)03-223267 (published on October 2, 1991 , 
hereinafter "cited reference"), which was published before the priority date of the 
present application, discloses the technology of producing epoxy resins wherein 
epichlorohydrin is produced via 2,3-dichloro-l-propanol and/or 1 ,3-dichloro-2- 
propanol and the same is used in the production of the epoxy resins. Upon 
comparing said claims with the cited reference, the technologies of Claims 1, 3 and 4, 
i e a process for producing epoxy resins wherein dichloropropanol containing 1,3- 
dichloropropane-2-ol is used as the starting material and that of Claim 2, i.e., a 
process for producing epoxy resins wherein dichloropropanol starting material is a 
Se of isomers consisting of 1 ,3-dichloropropane-2-ol and 2,3-dichloropropane-l- 
ol are identical to those of the cited reference. In addition, the concrete content of 
1 3-dichloropropane-2-ol defined in Claims 1-4 is nothing more than a mere selection 
made by a person skilled in the art. Further, said definition does not foster any 
particular difference in the objective and effect of the invention. 

2 The present application cannot be allowed because Claims 3, 18, 22, 27, and 32 
fail to meetL description requirements under Article 42(4)(ii) of the Patent Act, as set 
forth below: 

A Claims 3 and 27 include the expressions, "preferably" and "besides," ^ 
respectively, which render the invention unclear. In addition, Claim 1 8 describes a 
process. . ., in which continuous or periodic withdrawal of a fraction comprising at 
least water with a hydrogen chloride content equal to or less than 10% by weight 
relative to the total weight of the fraction comprising water and optionally 
dichloropropanol' is carried out, and the reaction medium is optionally fed with water, 
in particular steam." However, the expressions, such as "optionally equal to or 
less than " and "in particular," along with the unclear context make the invention 



